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Motivation . ¥
The production and testing of nuclear weapons has created a vast’\”
i i
volume of subsurface legacy contamination that the DOE has the
responsibility to locate, clean up, and monitor.

DOE spends $6B/year and is expected to spend approximately
$200B through 2070 on cleanup efforts

DOE Cleanup Sites

Hanford
(U, Pu, Tc, Cs, Cr,
TCE, PCE, CCl4/
>555.6 billion)

Idaho
(U, H3, TCE, PCE/
>521.4 billion)
Ashtabula
Lawrence Berkeley (L), Te, H3, TCE,
National Laboratory

PCE/~$100 million)
(H3, TCE, PCE, PCB,
Fuels/=$65 million)

Mound
(U, Pu, Po, H3, TCE,
PCE/=$900 million)
Lawrence Livermore
National Laboratory
(H3, U, Be, Tc, UXO,

Fernald

_ By 1Gy. LA (U, Pu, Po, H3, TCE,
TCE, PCE/>$1 billion) \PCEbSQOO million)
?Ijv%d:;' Iesl Site Oak Ridge
1\I-thelvtn.md(ﬂsf“-SE{J billion) el i
g ac 25/> PCE, CCl4/>%30 billion)
Los Alamos
(U, Te, H3, Pu, UXO — Savannah River

all the actinides/>%10 billion) (U, Pu. Cs, H3. TCE. PCE.

PAH, Fuels/>$36.8 billion)

A predictive understanding of multi-scale, coupled, in-situ processes and
technological developments

could improve and reduce the enormous cost associated with
legacy waste clean up



Sustainable Systems Biogeochemistry: /\| ‘"\"

Critical Challenge

u I I Accelerated Cr(VI) Reduction, and Sustained
> 2-1oncldes Sioreduion of Hih Appeat Guts Fesoe
challenges because they do not = Of B Pl
degrade to benign products, or only < 08} e ]
do so through very slow radioactive L6 '\%\ mmol/(mmol Cr) | -
decay S LW .o o _

= Half-life of 238U is 4.5 billion years 2 LV = =0 _

= Half-life of 20Sr is 29 years o 0. \ tj\\ Q Tokunaga et al., E.S.&T. 2007

1

years after OC addition

= Contaminated regions will be
exposed to ambient Sustained Reduction of U(VI) to U(IV) Remains
biogeochemical Conditions once Challenging in Many Sediments and Soil

remedial treatments have ceased. - e e
3 os |

. A critical challenge is to develop 5 " w0
remediation strategies for metals £ 06 T .
and radionuclides that are S04 )
compatible with prevailing =g
hydrobiogeochemical conditions so . , Toueaa et ol BSET. B8
that the treatment will be ;46 0 100 200 300 400

sustainable. days of OC addition
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Characterization and Modeling: r:'>rr| ‘.ﬁ
Critical Challenge —

Environmental
Remediation
Sciences

The nat
scale-d
coup

bility,
e, and
e of

107 10 10 104 103

Volume (m3)

102 10t 100 10t 102

1 1 1 1 1
108 104 10° 106 107

Site Scale
Lab Scale ” Local Scale ”

S
i = o Hydrological forcings,
hydrOb m|CaI § § Microbe-mineral Coupling of - Surface-vadose -
prop ers £ g interactions B|ogeochem|cal& groundwater
8 8 diffusion hydrological processes, interactions,
chara and o Preferential flowpaths Plume migration
meCh Ct|Ve 8 Properties, processes, Properties, processes, Plume concentration
o > . .
5 and rates of relatively and rates of and trends, regional
tranS Ilng _§ homogeneous heterogeneous biogeochemical and
Ch 8 samples subsurface regions hydrological gradients,
Aquifer Geometry
c
. 2 Kpect & Borehole sampling and Isotopes
= ectrosco '
Th'S ObSt ] Oﬁ:en _‘§ ﬁ\/lri)croscopypy analysis Surface geophysics,
1 H o i Tomographic geophysics Long term tracer tests
+ dAqueous geochemistry graphic geopny g ;
Ieads to Illty to § é/”crobiaj abundance and Push Pull tests Integrated assessment of
S i ; Tracer tests wellbore monitoring data
success lement £ diversity |
; o O Experimental Studies Isotope analysis
field-sc jation

st

quan

relevant scales
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Looney&Hubbard, 2006

A critical challenge is to develop capabilities to
redict subsurface processes in natural systems and over field-
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LBNL Subsurface Science SFA

ESD

CHARACTERISTICS
ddresses critical challenges in subsurface environmental science;

tilizes our recognized expertise and facilitates but permits growth in
needed areas;

ncourages team-based as well as individual science contributions;
as significant potential for impact to DOE cleanup/stewardship
ligned with and leverages on collaborative efforts;

s flexible to permit investigation in new directions while maintaining
core canahilitiee ERSP SFA Review April 9, 2008



SFA STRUCTURE
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Subsurface Science SFA

Lawrence Berkeley National Laboratory - Earth Sciences Division

Area 1

Sustainable Systems Biogeochemistry (SSB)

Area 2

Integrated Characterization, Modeling & Monitoring (CMM)

Node: Sustainable
Remediation Strategies

Node: Molecular
Signatures

Node: Synchrotron
Science

Node: Isotope
Geochemistry

Node: Environmental
Geophysics

Node: Reactive
Transport Modeling

The SFA is hierarchically structured:
» Scientific Research Areas create synergy between scientists working on
two critical challenges;

» The Nodes create synergy within smaller groups of scientists performing
theme- or approach-based research, and to serve as a nucleus for
collaborations;

* Projects address Node objectives and contribute to goal of Scientific
Research Areas.

ERSP SFA Review April 9, 2008



Program Structure
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Subsurface Science SFA

Lawrence Berkeley National Laboratory - Earth Sciences Division

Area 1

Sustainable Systems Biogeochemistry (SSB)

Area 2

Integrated Characterization, Modeling & Monitoring (CMM)

Node: Sustainable Node: Molecular
Remediation Strategies Signatures

Node: Synchrotron
Science

Node: Isotope
Geochemistry

Node: Environmental
Geophysics

Node: Reactive
Transport Modeling

Area 1 Critical Challenge:
Improve and quantify
understanding of
biogeochemical processes
needed to design
scientifically defensible and
sustainable remediation
strategies

Two theme-based Nodes

ERSP SFA Review April 9, 2008
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Program Structure 'm\'“‘

BERKELEY LAB

Lawrence Berkeley National Laboratory - Earth Sciences Division
Subsurface Science SFA

Area 1 Area 2
Sustainable Systems Biogeochemistry (SSB) Integrated Characterization, Modeling & Monitoring (CMM)
I | I I I I I I
Node: Sustainable Node: Molecular Node: Synchrotron | Node: Isotope | Node: Environmental Node: Reactive
Remediation Strategies Signatures Science Geochemistry Geophysics Transport Modeling
Area 1 Critical Challenge: Area 2 Critical Challenge:
Improve and quantify Develop an unprecedented ability to
understanding of quantify and predict subsurface
biogeochemical processes processes associated with natural
needed to design attenuation and active remediation
scientifically defensible and through improvements in and coupling
sustainable remediation between characterization, modeling, and
strategies monitoring.
Two theme-based Nodes Four approach-based Nodes.

ERSP SFA Review April 9, 2008



Field Study Sites rj;}l .

Environmental
Remediation
Sciences

plore enhanced
ability of Cr(VI)
ediation at the
nford 100 Area

HANFORD 100

SRS F-AREA

Develop a scientific basis for
monitored natural attenuation
of 90Sr, 129 and U at the
Savannah River Site F-Area.

egration of multiple CMM |
es to explore feedbacks
flow and transformations
contaminated Rifle IFC

ERSP SFA Review April 9, 2008



Subsurface Science SFA ]
Lawrence Berkeley National Laboratory - Earth Sciences Division

o]
Susan Hubbard, Laboratory Research Manager ’\
Environmental Lisa Kelly, Senior Administrator

Remediation
Sciences |

Area 1l

Integrated Characterization, Modeling & Monitoring (CMM)
I
' I

Node: Synchrotron Node: Isotope Node: Environmental Node: Reactive
Science Geochemistry Geophysics Transport Modeling

Sustainable Sys!

istry (SSB)
|

Node: Sustainable Node: Molecular
Remediation Strategies Signatures

Projects Projects ; S Hubbard ; C Steefel
- P Nico D. DePaolo J. Ajo-Franklin; J. Chen; Li Li; S. Finsterle;
_ er and E. Brodie : J. Christensen M. Kowalsky; S. Pride; M. Kowalsky
gtry;itlc Gfrowth ‘ f K. Williams E. Sonnenthal; N. Spycher
rategy for pment 0 : : - -
Sustained Reduction roughput Projects Projects Projects Projects
of Cr(VI) (T. Hazen) anscriptome Advancing Isotopic si Improved imaging
pic signatures = :
hes Synchrotron of Waste Streams Using tlm_e lapse Modeling Tool
; Technology at the Geophysical Datasets Performance
Hydrogeochemical ALS Enhancements
Approaches to ship Quantifying ) : .
) . Biogeophysical Petrophysical
Uranium Signatures s Geochemical . : o )
. ; ynchrotron Relationships for Precipitate Incorporation of
Immobilization Dgeochemical Science applied Transport Rates evolution Isotope Systematics
in Oxidizing to Field Study using U and
. ; Strontium ; . . .
Environments Sites isotope ratios Development and testing of Microbial Community
(T. Tokunaga) > Estimation Frameworks Dynamics and
Participation in Development of Biogeochemical Transport
Natural ERSP DOE isotopic Advanced Instrumentation
Attenuation Mechanis Synchrotron fractionation redox o LA o BT
. i Program A Systems Investigation
for Radionuclides indicators
(J. Wan)
Enhanced <>

Biomineralization of
Phosphate minerals
(M. Conrad)

HANFORD 100
B. Faybishenko

SRS F-AREA
S. Hubbard

ERSP SFA Review April 9, 2008



Lawrence Berkeley National Laboratory - Earth Sciences Division
Subsurface Science SFA

~
A
Frereere ‘m‘

i
Area 1

Sustainable Systems Biogeochemistry (SSB)

Node: Sustainable Node: Molecular
Remediation Strategies Signatures

Two Theme-Based Nodes in Area 1 SSB:

The Sustainable Remediation Strategies
Node will focus on understanding processes
and on developing specific approaches relevant
to sustainable engineered remediation and
natural attenuation of key contaminants.

The Molecular Signatures Node will facilitate
discovery of genes that are associated with
bioremediation-relevant microbial activities.

ERSP SFA Review April 9, 2008

Key
Investigators

*Harry Beller
*Eoin Brodie
Mark Conrad
Terry Hazen

Tetsu
Tokunaga

Jiamin Wan
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.'7‘ Sustainable Remediation Strategies Node

Environmental
Remediation
Sciences

|||‘

= Sustainable remediation of subsurface Cr, U,
0Sr, and 12°| contaminated systems.

= Four key projects — expected synergistic

exchanges:

= Remediation of U-contamination will be investigated under a
range of conditions in three projects.

= Redox coupling of NO;, Mn and Fe to U and Cr contaminants
will be explored in two projects.

= Contaminant stabilization under oxidizing conditions is a
theme common to two projects.

= Some of the fundamental studies conducted In
the SSB Area will be:

= Carried out concurrently with studies in Area 2;
= |[mplemented at the Field Study Sites .

ERSP SFA Review April 9, 2008



Cryptic Growth Strategy for
Sustained Reduction of Cr(VI) .

Hanford Gravelly

Formation | Sandto Lf H — 7.76m Begin
Sandy [ = Screened Intpfval
Gravel [, H
m; ] W 12/2m Water Table
H 9 Biostimulation
= S k Target Zone
sandill Geochemical
oL na" Sampling Points at;
Ringold _| L 12.9and 14.1m
Formation
Silty
Sand

== 18.0 Meters

ESD08-006

)

Sis Regbtﬁn_

1 e 11
33 - S 'ﬂ: 3 DA¥§‘I
: | il

Groundwater Flow

halo |

[—

E

2008

3000

2500

2000

1500 -

1000 A

500 -

[N |

Pumping
Campaign 1

Pumping
Campaign 2

Pumping
Campaign 3

100

a) Injection Well -
Chromium

Terry Hazen gﬁ “
BACKGROUND: . Y
Recent research at Hanford s TETIT
Richland, WA . = B
oy 100H Area has established B o
o ” that a single injection of HRC S =i )
NI > bioreduced Cr(VI) in the .
B (0ring groundwater =
|njectI0n We” 44 -2 ngll:l:::;'::m“ell
Well 45 below MCL for >3 years, oo
Well 43 Well 41 : . g
° even with a constant influx of ¢
A 5m Cr(VI). N B ==
Groundwater Flow Direction = +—— ="
I S /s g
Lol g e 1 s M
! : 2_1:1:1»‘ _.L'" i :l al., ES&T, o

300 500 600

Days Since 1

Desulfovibrio halophilus
Geobacter metallireducens
Dechloromonas agitatus
Pseudomonas pufida

0 11 17 27
Days since HRC injection
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Project: Cryptic Growth Strategy for q|

Sustained Reduction of Cr(VI) —
Terry Hazen

A
]

Project Objectives:

= EXxplore the hypothesis that a cryptic growth mechanism is
responsible for the sustained reduction, where:
= Lysis of dead cells contribute to the substrate;

= Recycling via cryptic growth promotes sustained reduction.

= |everage with Genomics: GTL push pull testing to explore
hypothesis that stressor resiliency can be caused by the formation
of microbial assemblages that syntropically function over a wide
range of redox conditions.

Project part of Hanford 100 Field Study Site................

HANFORD 100
B. Faybishenko

ERSP SFA Review April 9, 2008



Integrated Effort at Hanford 100 Field Study Site

Boris Fabyishenko, Coordinator

~

A\
f(reeerer ‘m‘
;

Subsurface Science SFA

Lawrence Berkeley National Laboratory - Earth Sciences Division

Area 1

Sustainable Systems Biogeochemistry (SSB)

Area 2

Integrated Characterization, Modeling & Monitoring (CMM)

I I I I [ I
Node: Sustainable Node: Molecular Node: Synchrotron | Node: Isotope | Node: Environmental | Node: Reactive
Remediation Strategies Signatures Science Geochemistry Geophysics Transport Modeling
Cryptic Growth Meta- Bacterial Mineralogical Petrophysics Simultions of
Strategy for transscriptome Metabolic Activity Characterization and Stochastic Isotopic and
Cr(VI) Reduction -based Vs. and Stability | Estimation of Biogeophysical
Microarray Signatures Precipitates Processes
Feedbacks Modeling of
Between Flow Microbial
] and Metabolism and
Biogeophysics Feedbacks

Reduction Mechanism (Direct enzymatic? Abiotic? A combination?)

Dependence of sustained bioreduction on in-situ microbial structure?

Mechanism and quantities of Cr(lll) precipitates?

Relevance of findings at 100H to 100D?

Role of heterogeneity on sustained bioreduction?

/



Project: Natural Attenuation Mechanisms of Contaminant—

reeceee]| i

Radionuclides at the Savannah F-Area —|
. .
Jiamin Wan

BACKGROUND
=Savannah River Site F-Area acidic plume includes U, 20Sr, 129], and °°Tc;
-DOE is planning to make the transition from the years of active remediation to. » _

monitored natural attenuation (MNA).  roxce  cowseres j%?g
HYPOTHESIS. Sorption and i Treated -saturated

. o 1 Contaminated - Treatment Zone
desorption are the dominant e { \ seiuraied gone (Baoe Aiton

processes controlling natural
attenuation, and development of

site-specific equilibrium/kinetic o — * ——
surface complexation model can == esseeor FRlND rFeBIND  FzeAm
be used to assess if MNA is a NO, [100 755 140 moL
viable strategy for the F-Area o rsd 70 o
Hg[ 3 <0.2 <0.2 < 0.2 ] mgL

APPROACH. Laboratory experiments to measure sorption and desorption
rates/extents for U, 90Sr, and 1291 on acid-altered and the pristine sediments as a
function of pH and facies, coupled with:

«Synchrotron methods to determine contaminant speciation.

|sotopic analyses to track the fate, transport, and rates of contaminants

*Reactive transport modeling
ERSP SFA Review April 9, 2008



Savannah River Site F-Area
Field Study Site

SRS F-AREA
S. Hubbard

Collaboration between
LBNL SFA and EM-
supported SRNL
scientists and Technical
Working Group focused
on MNA

r .‘;f‘ Office of /_vﬂ l‘/\l Environmental Management
/ sc i ence ‘ safety & performance % cleanup < closure

*~3—’/
U.S. DEPARTMENT OF ENERGY \&

Goal: New knowledge Goal: Practical targets
Focus: Phenomena Focus: Performance
Metric: Knowledge Generation Metric: Milestone achievement

ERSP SFA Review April 9, 2008



A\
LBNL Foci RS F-A Fiel i '?f}' i
oci at SRS rea Field Study Site

= Geochemical Process. Sorption models can be developed to quantify rates

of key metal and radionuclide constituents as a function of pH and reactive
facies.

= Characterization. Development and implementation of Isotopic Indicators
and Reactive Facies Framework to facilitate the characterization of critical
hydrobiogeochemical processes and rates across scales

= Reactive Transport Modeling. Through incorporation of developed facies-
based sorption model and facies-based multi-scale characterization,
mechanistic reactive transport modeling of plume evolution and migration can

be performed with sufficient accuracy to predict behavior of system over field
relevant scales

—— >rouna Surf
260 o t
g
U-238 Concentrations in the o 204 % Upland Unit
/ Upper Aquifer Zone 3rdQ 2006 ot L \\
/ : - A \ - AZZO Goundwale&ﬂow Direction
S/ T T e . = i H Tobacco Road Formation
Rt g N 5 2 Water Table, 400 Data—y
5. S200 5
- i Y ® 5 - - H
Up and Down i G » x e L% E H ! -~k _ |
% Gradient e 5D 3 b ) T
Co taminated 5 . 1 Upper Transmissive Zone .
Local Scalg, Dry Branch Formation
g— ?_Injection Target Zone ¢ l
S‘ alo 9 ™" ‘Clean’ local scale ] E
= Transect & siT&%or testing and °
refining developed S
om0 pkgmaryy me Rl SO ption, 140 QD D
N_ L s characterization, 2
ne . s "‘I'l-—-"'- 23 T and predictive g
7 S S o " understanding and 120 3
~ Sl o ST capabilities o Tnker/antee Formatio|
7 v | b & N I
100 385
. ?“ T T T T T T
. e = - 0 50 100 150 200 250 300 350
Distance Along Section (ft)
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Project: Hydrogeochemical Approaches to Uranium ‘Nl \

Immobilization in Oxidizing Environments ’\\m
Tetsu Tokunaga
Background/Motivation: 0.8 = 15
= U contaminated environments are =12
not naturally strongly reducing. 0.6 39
- Sustaining U bioreduction will 04 A6
require indefinite periodic supply of S 0.2 = pe
electron donor. e (8 -
S 0 {0
Objective: Identify strategies for -0.2 F —-3
sustainable remediation of U- 0.4 -6
contaminated systems that are ' = 9

compatible with prevailing
oxidizing site conditions.

Sustainability of an in-situ redox manipulation can be
partly evaluated by comparing the targeted redox state
with redox conditions that prevail in the subsurface.

Approach:
1. Re-evaluate all factors that can constrain groundwater U concentrations under oxidizing

conditions and select candidate strategies.
2. Batch testing of U(VI) removal from aqueous phases of contaminated sediments, combined
with XRD and EXAFS for determination of resulting solid and surface U(VI) phases.
Laboratory column testing of U(VI) immobilization strategies
Field trial(s) of oxic-immobilization strategies.

ERSP SFA Review April 9, 2008
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Project: Enhanced Vadose Zone Mineralization
Mark Conrad

BERKELEY LAB

MOTIVATION

= Significant inventories of vadose zone contaminants pose a long-term threat
to groundwater at a number of DOE sites.

 Phosphates are stable under oxic conditions and will readily incorporate
90Sr and U into their mineral structure and will scavenge them from co-

existing pore fluids.

OBJECTIVE. Develop strategies to promote precipitation of phosphate
minerals in unsaturated rocks and sediments.
*Tri-ethyl phosphate (TEP) is an organophosphate compound that may
provide good phosphate source for mineralization and can be readily
distributed in unsaturated materials.

APPROACH. Using experimental and numerical
approaches:

Identify mineral precipitates and reaction rates;

*Quantify U and °°Sr uptake.

*Develop strategies for enhancing microbial rates of TEP
degradation and phosphate release under variably
saturated conditions.

4 INTEC

ERSP SFA Review April 9, 2008



Lawrence Berkeley National Laboratory - Earth Sciences Division =

Subsurface Science SFA (reeeer

[

I EEEEEEE LAB

Area 1 :
Sustainable Systems Biogeochemistry (SSB) M O | eC u I ar SI g n a't u reS N O d e
[ l l Incorporates novel approach to discovering and
monitoring bioremediation-relevant genes

Node: Sustainable Node: Molecular
Remediation Strategies Signatures

MOTIVATION

r=zfThe vast metabolic and phylogenetic diversity in natural
subsurface systems poses a challenge, as all key
gene/protein sequences needed to monitor bioremediation-
relevant activities are not available in data repositories
(e.g., GenBank).

<Need to integrate molecular-level understanding to specific,
bioremediation-relevant metabolic activities simulated in
reactive transport modeling.

A
]

ERSP SFA Review April 9, 2008



Molecular Signatures Node cereerd] ‘"\'l
Harry Beller and Eoin Brodie

OBJECTIVE (meta-transcriptome-based microarrays): Develop a novel and high-
throughput approach that uses the meta-transcriptome* to design high density
oligonucleotide microarrays that can be used to identify highly expressed genes in a
specific community under conditions of interest, without requiring any a priori
hypotheses about which genes the community mlght be expressing or prior
sequence information from data repositories. =-=p Bioremediation-relevant
Signature Discovery

Hanford 100H microcosms

(ir (ir (ir Niirate
T —— 5
(6) Sulfate .
= \ \\ Isolate and Sequence Design Apply
2 . pool meta-tran- custom microarrays to
j'.,;: Nitrate“‘~~---.L_ _____ Nitrate community | |scriptome at | [Hanford 100H/ |push-pull tests
2 \ Al \ mRNA JGI (454) microarrays at Hanford
o \\\~‘ <

’ = Sampling times:
T T T T T Geochemistry,
DNA, RNA,

PhyloChip

< p L8 <

TEAP:  NO, Fe(OH), S0,> NO,

*cDNA representing the collective mRNA transcripts from the

Field relevant meta-transcriptome source entire community:
genes in the metagenome are expressed under a given set
of conditions.

ERSP SFA Review April 9, 2008



= Molecular Signatures Node ) A

b o Harry Beller and Eoin Brodie

Remediation
Sciences

OBJECTIVE: ‘Activity signature correlations’. Use well-characterized
bacterial cultures to assess whether correlations between biogeochemical
activities and field-measurable molecular signatures (based on DNA, mRNA,

or protein) exist. ===  Eventual link with Reactive Transport Models

NO,

Nitrate
reductase

% X
L, .Ql
c <
<

mRNA protein

® 5 _ S _

- 33 Y

=

8= | 8 | 8|

— 8 (] 5 8 (] ;—) 8 (]

O]

g8 8 g8

Z narG copies Z  parG transcripts - NarG conc.

Link to reactive-transport models - -

In situ nitrate reduction rate: In situ nitrate reduction rate: In situ nitrate reduction rate:
Population (# gene copies)* # transcript copies* Amount of enzyme*
X X X
slope slope slope

*Field result from qPCR or proteomic analysis of aquifer sample

ERSP SFA Review April 9, 2008



“Determine key reactions and degradation

~

The Sustainable Systems Biogeochemistry Area /\l
will address several ERSP Strategic Goals, \H
including: BERKELEYLAB

pathways involved in radionuclide and metal
transformations and immobilization”;

“Build on new tools in genomics and
proteomics to explore the genetic diversity and
dynamics of microbial communities (with an
emphasis on how these communities respond
to the stress of contamination and
remediation, and how they can be sustained
for the purposes of natural attenuation)”;

“Define and exploit microbial metabolic
processes critical to controlling contaminant
mobility” (using both remediation and natural
attenuation).”

“Develop sound foundations for remediation
to guide decisions at DOE sites.”

ERSP SFA Review April 9, 2008

U.S. Department of Energy
Office of Science

Office of Biological and Environmental Research
Environmental Remediation Sciences Division

ENVIRONMENTAL REMEDIATION
SCIENCES PROGRAM
STRATEGIC PLAN

“Solving the DOE s intractable problems in
v 7 diation and PP

March 2006

Version 09




Area 2

~
\
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Lawrence Berkeley National Laboratory - Earth Sciences Division
Subsurface Science SFA

Key Investigators
*Jonathan Ajo-Franklin
Jinsong Chen
John Christiansen
Don DePaolo
*Stefan Finsterle
Susan Hubbard
*Mike Kowalsky
Peter Nico
*Steve Pride
Eric Sonnenthal
*Nic Spycher
Carl Steefel
Ken Williams

Area 2

Integrated Characterization, Modeling & Monitoring (CMM)

Node: Synchrotron | Node: Isotope | Node: Environmental
Science Geochemistry Geophysics

Node: Reactive
Transport Modeling

OBJECTIVE: Develop an unprecedented
ability to quantify and predict subsurface
processes associated with natural
attenuation and targeted manipulations.

*Four Approach-based Nodes

*Projects will tackle challenges unique to each approach;
*Document the synergies that come from integration of

multiple approaches;

*Test and implement advances at several Field Study Sites.

ERSP SFA Review April 9, 2008



Synchrotron Science Node
Peter Nico

MOTIVATION:

= Understanding of contaminant dynamics requires
information about chemical form and distribution and
associations in multiple dimensions.

= The Environmental suite of beamlines at the ALS span an
energy range from infrared to hard x-ray, and spatial scales
from nanometer to centimeter.

OBJECTIVE: Develop and apply new synchrotron techniques 3P mage of Fe coated sand aggregate

with 2D image showing extent of U

to interrogate physicochemcial properties and processes. penetration after 20days

(Celine Pallud, Scott Fendorf)

APPROACH

= Advance Environmental Synchrotron Technology at the
ALS.

= |ntegrated 3-D microtomography and 2-D microprobe
chemical speciation. Hﬁ

= Dynamic 3-D chemical and oxidation state imaging.

= SFTIR for real time imaging of biomineralization
processes.

- Integrate Synchrotron Science at Field Study Sites. B bl L S,



Isotope Geochemistry Node rreere ‘uﬁ‘

Don DePaolo and John Christensen
OBJECTIVE: Improve the use S it SRR
of isotope measurements for T~
developing conceptual E33350™\ )

models for and monitoring
subsurface properties and

rocesses * Eefestont .2t S
p ) Decreased 236y/238))
~ between 2001 & 2003
Tracking source and pathway of U Sm— ] Chmesmamter Ficas %%
contamination through vadose and o e e C1325®
groundwater at Hanford 200E Area in groundwater for 2003 A
(Christensen et al., 2004) A E 0 150m

MOTIVATION: Provide constraints on:

1. Contaminant sources and fates;

2. Contaminant transport through the vadose zone and within groundwater;
3. Water-rock interaction, its mechanism and rates;
4

The extent, progress and mechanisms of biogeochemical transformation of
contaminants

ERSP SFA Review April 9, 2008



Isotope Geochemistry Node rreere @’

Don DePaolo and John Christensen
APPROACH
Isotopic Indicators of Redox Zonation. Hanford 1001 HRC Test
Laboratory experiments to determine G 20
isotopic fractionation factors for nitrate, ;
CO,, sulfate, Fe, Cr, and methane under | 18 ~| =
various conditions and their changes during = e
evolving conditions e e = o
10 08 06 F 5 T 2 " 5
Mineral/Fluid Interactions.
Laboratory experiments to explore o -
biogeochemical factors affecting Sr, !
Ca, Mg & U exchange between T
fluids and solids. ol |
Synergies: Ly
= Isotopic systematics into reactive
transport models (W/RTM Node) M=
- Integration at Field Study Sites and Gewe L a wawt weer
Other SiteS. Mabher et al. 2006

ERSP SFA Review April 9, 2008



Susan Hubbard

OBJECTIVE:

Improve the use of geophysical methods for
characterizing properties and monitoring
processes associated with natural
attenuation and active remediation.

MOTIVATION:

‘Plume scale’ characterization of flow
properties;

Relationship between microscale processes
and macroscale geophysical
measurements;

Quantitative monitoring of biogeochemical
transformations;

System process understanding.

Environmental Geophysics Node

~

/\| A
=)

‘Hydrogeophysics’ i

Fe(th
Lithofacies and sediment geochemistry estimating
(Chen et al., 2006)
‘Biogeophysics’

2005

gallery
0 —

2
4 —|
B — 2
baseline
e T T T T T T
1 1
istance
004

Depth (m)

B-weeks

T T T T
10 156 20 25 30
Cistance (m)

. e

[¢] 5 10 15 20
Phase Shift (mrad)

Development of an electrical phase anomaly associated
with a biostimulation experiment (Williams et al., 2008)
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APPROACH
Imaging. Improve acquisition
and inversion of time-lapse
datsets;

Petrophysics. Focus on
geophysical responses to
formation of precipitates and
scaling;

Estimation. Geochemical
estimation framework and
multi-scale reactive facies
framework.

Advanced Instrumentation.
Electrode based approaches
and continuous active source
seismic system.

Systems Investigations
using above advances to
explore feedbacks between
flow characteristics and
biogeochemical
transformations.

Environmental Geophysics Node

Susan Hubbard

1

Upper bound Lower bou

Connecting Biologically-Induced Microstructures
To Macroscopic (Geophysical) Properties

Micro-structural At‘tributes
[new solid phase fraction]
Timelapse 3D Imaging [cement distribution]

of bio-precipitates [pore structure alteration] Wikt
at the ALS [micro-CT] Effective Medium Theory
[microns -> mm] [dielectric/ERT/seismic]

Reactive Transport Model

Joint Inversion Model Change

nd Block
of transition zone JJl of transition zone P-wave velocity
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Reactive Transport Modeling (RTM) Node q|
Carl Steefel Bencerer

A
]

OBJECTIVE

= Develop capabilities to predict multi-scale, coupled, in-situ
processes that govern sustained remediation or MNA of metals
and radionuclides.

MOTIVATION
= Efficient design and testing of remediation strategies
= Scientifically defensible predictions of natural attenuation

= Maximum use of fundamental science through development and
application of “mechanistic” process models

= Multi-scale, multi-physics, multi-dimensional environmental
problems require high performance computing
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Reactive Transport Modeling Node /\| m

Carl Steefel
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radiogenic isotopes into \ E o
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multicomponent RT models

= Coupling of microbial
community dynamics and
biogeochemical transport

= Joint geophysical-
biogeochemical inversion
approach

precipitation
(volume fraction)

= Enhancement of
computational efficiency of
Berkeley Lab RTM simulators
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Heterogeneous physical and chemical

Rifle Field Study Site A

20

precipitation
(volume fraction)
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The Integrated Characterization, Modeling, and
Monitoring Scientific Research Area will address

several ERSP Strategic Goals, including:

“Development of new measurement and
monitoring tools that will permit interrogation
of coupled biological, chemical, and physical
processes in natural systems and often in a
minimally invasive manner”;

“Improved ability to predict transport,
transformations, and attenuation associated
with remedial strategies”;

“Development of field-validated, robust tools
for validation of predictive models and
remediation strategies and for long-term
performance modeling and of large-scale,
fully coupled transport simulators”.
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Integ f Scientific Research Areas and Field Study Sites ‘/—\\I A

feeeer ‘m

Environmental
Remediation
Sciences

BERKELEY LAB

Subsurface Science SFA

HANFORD SRS F-AREA
100

zZ
O
@)
m
n

Projects — Area 1

Cryptic Growth Strategies for Sustained Cr Bioreduction

O

Sustainable

Natural Attenuation Mechanisms for Radionuclides

O

Sustainable Systems
Biogeochemistry (SSB)

Application of Meta-transcriptome-based Microarray

Molecular
Signatures Remediation Strategi¢

Exploration of Bacterial Metabolic Activity vs. Signatures

Projects — Area 2

Science

Mineralogical Characterization and Stability

Isotopic Signatures to Explore Plume History

Isotopic Fractionation to Quantify Biogeochemical Processes

OO0 O O O

Petrophysics and Stochastic Estimation Associated
with Precipitate Evolution

© 00O

Multi-scale Reactive Facies Characterization

Monitoring (CMM)

Environ-

Advanced Instrumentation

Feedbacks: Flow Characteristics and Biogeophysical Transformations

Simulations Constrained by Isotopic and Geophysical Information

Integrated Characterization, Modeling &
O O L O O

O OO

Incorporation of Microbial Metabolism and Feedbacks into
Predictive Models

Reactive
Transport

O

Plume Scale Predictions based on Facies based Sorption Models
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LBNL SFA Collaborators

The node structure has been designed
to enhance existing and encourage
new collaborations with University

and National Laboratory Scientists, as
well as increase the impact of ERSP

science at EM sites.

Lab Collaborators

—
Pacific Northwest
National Laboratory

o t

University Collaborators

Geochemistry Microbial Ecology (025 Dapanent s oy,
~ 9
\ WL
f(reoeeee 1l
S ‘\ Idaho National Laboratory
(ammp - @>SRNL
AESU) OAK
EARTH SCIENCES DIVISION RIDGE
National Laborato
Geophysics B Hydrology
EM Problems
S >

ERSP [l
GTL 1R

EM [l -

BES
LBNL -

SFA _/
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COLLABORATORS to LBNL
Earth Science Division
who participate in* or augment SFA through
leveraging:

Investigator
Arkin, Adam
Bargar, John
Chorover, J.
Davis, J.
Denham, Miles
Dresel, Ev an
Fields, Matthew
Fendorf, Scott
Firestone, Mary
Fruchter, John
Fujita, Yoshiko
Gaughan, Tom
Hull, Larry
Istok, Jack
Johnson, T.
Kaipio, Jari
Kaplan, Dan
Kelly, Shelly
Kemner, Ken
Lipton, Mary
Long, Phil
Lovley, Derek
Petersen, Scott
Redden, G.
Serne, R. Jeffre y
Shadt, Chris
Shuh, David
Slater, Lee
Stahl, David
Sobecky, P.
Tamura, N.
Truex, Mike
Versteeg, Roelof
Wall, Judy
Wang, Zheming
Zachara, John
Zhovu, Jizhong

Source

Institution
LBNL
Stanford

UA

USGS

SRS

PNNL

MSU
Stanford

UC Berkeley
Fluor Hanford
INL

SGCP

INL

osuU

Univ. | llinois
Univ. Kuopio
SRNL

APS

ANL

PNNL
PNNL
UMass

Fluor Hanford
INL

PNNL
ONRL
LBNL

U. Rutgers
uw

Georgia Tech
ALS

PNNL

INL

umMcC
EMSL
PNNL

uo
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; The program will take /\| i
Prog

Environmental

oo advantage of state-of-the-art
facilities at LBNL......

Geophysical Computing

Center for Computational Selsmology

Molecular <
Microbiology Rock and Soﬂs Lab

Lab

NERSC and
Computing Cluster

...... as well as other ERSP-supported facilities.
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Thank you!

Please visit our tern Posters:

1.

Sustainable Systems Biogeochemistry (SSB)

Integrated Characterization, Modeling & Monitoring (CMM)

6.

/. 8. 2

10.

Cryptic Growth
Strategy for 2 .
Sustained Reduction
of Cr(VI)

Hydrogeochemical
Approaches to 3
Uranium .
Immobilization

in Oxidizing
Environments

Natural —
Attenuation Mechanisms
for Radionuclides

Enhanced
Biomineralization of
Phosphate minerals

5.

I‘ 1.

o b~

Lol g

o

TEN LBNL SFA POSTERS
LBNL Subsurface Science SFA Overview - Susan Hubbard

Sustainable Systems Biogeochemistry (SSB)
Scientific Research Area
Cryptic Growth Strategy at the Hanford 100 Area — Terry Hazen and Bo ris Faybishenko.
Uranium Immobilizati on in Oxidizing Environments — Tetsu Tokunaga
Natural Attenuation Mechanisms for Radionuclides - Jiamin Wan
Enhanced Biominerali zation of Phosphate Minerals — Mark Conrad
Molecular Signatures Node - Harry Beller and Eoin Brodie

Integrated Characterization, Modeling, and Monitoring
Scientific Research Area
Synchrotron Science Node - Peter Nico
Isotope Geochemist ry Node — Don DePaolo and John Christensen
Environmental Geophysics Node - Susan Hu bbard and Ken Williams.
Reactive Transport Node - Carl Steefel

(CMM)
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Summary =

BERKELEY LAB

A
]

= The proposed SFA will:

= Address two critical environmental science challenges-
advances should be relevant across the DOE complex;

Utilize and extend LBNL'’s recognized capabilities and facilities;

= Promote synergy through multi-disciplinary and team-based
research,;

= [ncrease the impact of ERSP research to DOE clean-up effort.

= Thank you
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